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A Contribution to the Knowledge of the Reimer Tienlann 
Reaction. The Role of the Pota6sit~ Hydroxide. 
The Reimer~Tiemann reaction is a method for the 
preparation of oxyaldehydes or oxyacids from phenols 
having the ortho or para positions open . The gener-
al method of preparation of an aldehyde according to 
this reaction consists in dissolving the required 
amount of phenol in a strong solution of potassium 
hydroxide . The mixture is carefully heated to 60D or 
70 P in a flask fitted with a reflux condenser, and chlo-
roform is slowly added thru the reflux. If it is add-
ed too rapidly the boiling chlor.qf.orjTJ..:<?aus es the liquid 
. . " ., . " 
,_ .' • If '.' 
. .... . .' '. . 
to be forced out of : 'f..~.e·. cb:p~neer • . After the reaction 
~ I'~ ! fl·! •• • • .' •• ,. ,I .: " 
mixture has been heat~~ \t. )\b~.i~fi~ · ~he unchanged chlo-
f.' • '" 
roform i8 distilled oif, ' t\Qe; \~J:~J!i:ne solution acidi-
..... 
fied and distilled with steam . The phenol and alde-
hyde pass over with the steam. The mixture is extract-
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ed with ether and the ether treated with a saturated 
solution of sodium bisulphite which adds to the alde-
hyde formin g the sodium bmsulphite compound of the 
aldehyde. The ether is then separated and the water 
solution treated with sodium carbonate which frees the 
aldehyde. It is extracted vith ether and distilled. 
The yield is never very good. 
It is useful because it furnishes a method like 
the Kolbe synthesis of adding one more carbon atom to 
the benzene ring . In the original paper published by 
Re imer and Tiemann in the year 1876* a comparison was 
made between the t wo reactions. It was suggested that 
the chloroform and potassium hydroxide might react to 
produce formic acid which brings about an interposition 
as the carbon dioxide does in the Kolbe synthesis. 
It has long been believed that the chloroform in 
the presence of phenol and potassium hydroxide adds to 
the ring splitting out hydrochloric acid which is taken 
up by the potassium hydroxide. 
The potassium hydroxide then acts on this addi-
tion product to form aldehydes. 
* B 9, 824 (1876). 
-3-
oJ( OeH ef.,. -r I{ CJ + H:L D 
01< OeH eR?-+ ~ 1< D H = 
This seeIDS to have been the general conception, 
but as little work has been done on the reaction it has 
not been questioned a great deal . 
Mr. Goldstein*thought that the reaction might 
occur at the potassium of the phenolate like ether and 
ester fornlations, but his evidence did not seem to favor 
this forruation. 
()' /11 oe H ep oo_'€..- fj) (J--- / ~ l(oH 
* Senior thesis unpublished. 
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We have attempted to show how the potaseium 
hydroxide acts. Probably its function is to abstract 
the hydrochloric acid split out when the chloroform 
reacts at the ring . We hoped by showing the influence 
of the potassium hydroxide to throw some light on the 
mechanism of the reaction . 
The reactions of the three constituents present 
are exceedingly complex , too complex to study by velocity 
t " *-reac lons . There are at least four distinct reactions 
possible in the solut i on . 
The potassium phenolate reacts to form a red dye 
of the rosolic acid series. According to the work of 
Dale and Schlorrnmer it is formed by the dehydrating 
effect of the alkali on the p~en~ ~ ealicyaldehyde 
as shown by this formula . 0 e. ,"-(o)fK"--J 
01-1 ~()J-I It may form in the presence or anhydrous chlo-
roform ortho formic ester(triphenoxy methane) which 
is not affected by alkalies , but is split by acids . 
No red dye is produced a t the same time except with hot 
vapor of chloroform. 
3 e'r i-I s () 1< ) ( e. r f.f J 0) e. +-1 + 3 1< ep 
e rt ~J .3 
+ Cf . p . 6.- Saunders on K 0 H C H Cl . 
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P.oxy benzaldehyde and salicyaldehyde are also formed, 
t 1e former only in potash, never in soda solution. 
These products are obtained at a much lower tempera;ure 
than the dye . 
The formation of red dye in the reaction can also 
be explained by analogy with the research of F. Heiber~ 
on the action of benzotrichloride ) trichlormethylmethane, 
and alkali phenolate solutions, which shows that several 
reactions occur at once giving dyes, orthoformic esters, 
and phenol aldehydes . He proved that during the action 
of these three chemicals the same series of reactions 
occurred as in the Reimer Tiemann reaction . This is the 
last published article from Tiemann 's labor tory ' hich 
refers specifically to the Reimer Tiemann reaction. 
Then, by analogy with this work, in the Reimer 
Ti emann r eac t ion, the 0 H Ol,j v ould r eac t direc tly with 
the phenola te to form the red dye , as indicated by the 
following di gram: 
~ B 24, 3677 (1891) 
• 
-6-
Beside the above side reaction, the potassium 
hydroxide is also acting on the C H C13 independently . 
It is well kno~n that potassium formate results from 
this reaction, but it is not eo generally recognized 
~hat carbon monoxide i6 also formed. Saunderervorked 
on the action of potassium hydroxide and chloroform in 
alcohol, by determining the velocity of the reaction. 
His constants were varying but apparently showed that 
the reaction is of the third order . He states that 
the reaction t akes place in stages in each of which 
t wo molecules react together . He attributed his var -
ing results to the f act tha t the wa ter formed may dis-
* J. Ph . Ch . 4,660 (1900) 
9 
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turb the reaction . 
Since there are so many reactions occurring at 
the same time, it seemed best not to try to measure the 
velocity of the reaction in the ordinary manner , as this 
would not throw any light on our problem, but to deter-
mine the relat i ve velocities under changing concentra-
tions of K 0 Hand K 0 C ~ H5 • 
To get at this, we have assumed that the halogen 
removed in the reaction is chiefly that from C H Cl? 
forming aldehyde. Other sources for halogen are the 
reactions forming the red dye and the actions of the 
chloroform with ph~nolate and potash, of which only the 
halogen formed by red dye making cannot be determined 
separately and subtracted to correct the total halogen 
formed . 
The method employed was very simple. The phenol 
and potassium hydroxide was heated with the free flame 
until the potassium phenolate had dissolved . The flask 
was fitted iith a reflux condenser thru which the chlo-
roform was added as soon as the phenolate had dissolved . 
The time at which it came in contact \, i th the solution 
, 
-8-
was noted to seconds; the mixture heated ten minutes; 
at the end of that time the heating was stopped; cold 
water was poured thru the condenser and the contents 
of the flask were immediately emptied into 200 c.c. of 
cold water acid with nitric. If the mixture was not 
acid more nitric was added . This happened in but two 
determinations of 90% and 100% of Curve I . The chlo-
roform was separated, washed , and the washing added to 
the main volume which was made up to 600 c.c. in a 
calibrated flask. 60 c.c . portions were removed with 
a calibrated pipette and titrated for chlorine with 
silver nitrate and potassium Bulphocyanate. The re-
sults obtained were plotted, the grams of chlorine on 
the ordinate and the per cent of phenol on the ab-
scissa. This gave the one large curve in which the 
chlorine removed represents the aldehyde formation. 
The greatest error in the above method seemed to 
be the difference in temperature caused by the varying 
-9-
vapor pressure of the potassium hydroxide solution. 
It resulted that this did not make so much difference 
when the phenol, potassium hydroxide and chloroform 
, ere present in the determination of "total halogen" 
or"Curve I." 
The same technique was applied to obtain 
correction curves, using potash only and potaSSium 
phenolate only, when it became evident that in com-
parison to the main reaction in which all three are 
concerned, the amounts of halogen removed are small . 
This was a very welcome result, giving but small 
corrections to be applied. It was found, however, 
that the K 0 H determinations were very sensitive to 
in 
temperature changes, for when carried on A the former 
m~nner, the determinations did not check. It is 
possible that with changing temperature the formation 
of some other produc t disturbed the results, as the 
formation of H~O disturbed the results of Saunders . 
The method was remedied by keeping the reaction 
mixture at a temperature of 55 0 in a thermostat vhich 
was constant to one-tenth of a degree . 
-10-
60 0 baths were tried, but it was found that the mixture 
boiled at that tempera ture . It was desired to prevent 
boiling in order to eliminate the great change of vapor 
pressure in the boiling mixture . It is an objectionable 
fe~ture that the determinations of the large curve were 
heated ten minutes and those of the correction curves 
twenty minutes . Perhaps both should have been heated 
the eame time, but it wae not practical to heat the 
correction points ten minutes, as the amount of chlorine 
removed in tha t time was so emaIl while a very large 
amount of chlorine would have been obtained if the 
phenol, potassium hydroxide and chloroform had been 
hea ted t wenty minutes . It was decided to run the 
correction curves twenty minutes and take one-half of 
the results for the correction. This causes a slight 
error as the velOCity of the reaction probably varies 
during that time, but as it has been pointed out the 
corrections are small . 
Since the reaction is occurring between t wo 
liquids, careful attention was paid to the question of 
-11-
mixing . Thi s was accomplished thoroughly by the 
vaporiza tion of the chloroform in the case of the 
"tot a l halogen curve" and the phenolate curve 
(Correc tion Curve I). In the case of the chloroform 
and potass iwn hydroxide curve the reaction mixture was 
kep t below the tempera ture of boiling chloroform so 
tha t it was necessary to stir those determinations by 
a ir. Therefore 50 c . c . of chloroform we~e used in 
order to have some left at the end of the reaction as 
the air s tirring vaporized. a grea.t deal. 
The results obtained were in the form of six 
curves, one tota l halogen curve , uncorrected, t wo correc-
tion curves, one total halogen curve corrected, and t wo 
tota l ha logen curves recalculated from the original to 
show the effect of va rying phenolate vith constant 
pota SSium hydroxide and the reverse . 
The large curve in which the hydroxyl and 
phenoxyl groups are varied while the potaSSium i8 held 
constant gave a curve in which the maximum is a ttdined 
at 17%, rising rapidly from 0% and then gradually 
-12-
falling off along the line of concentration of the 
potassium hydroxide. It seems that it is due to the 
fact that the conditions for the Reimer Tiemann reaction 
are gradually approached and then that the potassium 
hydroxide which i6 the leading factor regulates the 
course of the reaction. 
In the correction curve for the action of the 
phenolate it is shown that hydrolysis has a great effect. 
If the concentration only was concerned, a straight line 
would probably result, but with increasing concentration 
the amount of halogen removed increases, showing that 
there is . re:l.ction like thdt of any mixture of K OH 
and K 0 C H the K 0 H resulting from the hydrolysis. 
For the correction curve for potaSSium hydroxide 
and chloroform, the one obtained by using the thermostat 
was of course applied, as the results were more accurate 
as before mentioned . The shape of this curve is proba-
bly due to the hydroxyl ions as dissociation is gre~test 
at the lower concentration, or possibly several reactions 
OCcur which influence its shape. 
These results seem to indicate that potassium 
-13-
hydroxide determines the reaction; that the formation of 
aldehyde would not occur wi thout the presence of K 0 H. 
The results also seem to show that it causes the chlo-
roform to react with the ortho hydrogen instead of the 
potassium of the phenolate . The action of potassium 
phenolate and chloroform, if the action goes to comple-
tion, forms triphenoxy methane which is not affected by 
alkalies , If alkalies have no effect on this then, since 
the potassium hydroxide has most influence as shorm by 
the curves, the reaction would occur at the ortho hydrogen 
in preference to the -OK . not Hence the aldehyde doesAre-
sult from the reaction that yields the triphenoxymethane. 
However, there i s the possibility of the action not going 
to comple tion and phenoxy dichlormethane might be form-
ed which would be capable of going to the aldehyde . 
But this hardly seems possible as pyridine and oalcium 
carbona te substituted for potassium hydroxide apparently 
did not produce the same effect as the potassium hydroxide. 
If this re~ction did proceed thus 
e L f-f 5 D i < \. e ~ 1-+ {O e ~ ~ \ 
t e.H~ ---If ]\()~ 
aldehyde 
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you would expect tha t the amount of chlorine removed 
would increase with the phenola te, which is not true ac-
cording to the curve. The curve shows that the amount 
of chlorine decreases with an increase in phenolate. 
Another point against this for ma tion of phenoxy 
dichlormethane is tha t Mr. Gol dstein found that dry 
potass ium phenolate and dry chloroform vapor did not 
react to form chlorides, as no test for chlorides 
could be obtained at 85 0 . A t 100 0 the red dye was 
produced sho v,ing a reaction and giving a test for 
chlorides. "The absence of chlorine containing bodies 
and the large quantity of red dye tend to indicate that 
the ring is a ttacked in the ortho position." ~ome de-
termina tions made with carbon tetrachloride and potas-
Sium hydroxide with and without phenol, and those made 
with benzotrichlorid~ and potassium hydroxide with and 
without phenol , showed that these chlorides are much 
less reactive than the chloroform. It is known that 
carbon tetrachloride reacts i'Vi th phenolate and alkali 
in the same manner as chloroform, forming an acid in-
-15-
stead of an aldehyde . Since it cannot split to 
form - C:::. 0 or c:8i, by loss of H Cl it seems that 
it reacts first ith the ortho hydrogen and then that 
the other chlorines are cared for by the potassium 
hydroxide , and that the chloroform probably reacts in 
an analogous manner . 
It is yet to be determined why the ortho hy-
drogen cannot react in this way without the potassium 
hydroxide, for as thus f~r determined it h~s been shown 
th' t phenolate and chloroform do not form aldehyde alone 
or in the presence of bases like calcium carbonate and 
pyridine . Probably the same explanation would apply 
here as in the $imilar reactions of Freidel and Craft 
and Gatterman'e aldehyde synthesis . 
SUnlmary : -
Our results seem to bear out the following 
conclusions: 
The common idea is correct that the chloroform 
reacts with the hydrogen ortho to the hydroxyl group . 
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No aldehyde is formed without the presence of 
potassium hydroxide. 
The velocity of the reaction varies directly as 
the concentration of the potassium hydroxide. 
After a certain amount of potassium phenolate is 
present the velocity of the reaction is not affected by 
a change in concentration . 
This is a strictly abstraction reaction. 
This differentiates it from the Kolbe synthesis . 
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Experimental Pa rt . 
A. - The determination of halogen removed from chloro-
form with constant concentration potassium and varying 
phenoxyl and hydroxyl simultaneously which gave Curve I . 
Materials used: 
15 c . c . C H C13 
25 c . c. K 0 H 12 . 88 N, 48% by weight , spg . 1 . 507 
at 15 . 6 0 g . to 30 . 29 g . C ~ H?OH . 
Different determinations were made using 0%, 5%, 
10%, 15%, 17%, 20%, 25%, 40%, 60%, 80%, and 100% of 
phenol . The grams of phenol for each determination 
were calculated by taking the amount equiva l ent to re-
act with 18 . 07 g . of potass ium hydroxide , which was con-
tained in 25 c . c . of the 12 . 88 N solution as 100%. 
This was 30 . 29 g . of phenol . For 0% no phenol was 
present, for 10% one tenth of 30 . 29 g. and so on for 
the other percentages and always 25 c c . K 0 Hand 
15 c . c . C H C13 • The potassium hydroxide and phenol 
were brought to boiling under reflux by the free flame 
in an Erlenmeyer flask protected from direct heat by a 
piece of asbestos . The flame was just sufficient to 
keep the mixture bubbling . As soon as the mixture 
began to boil the chloroform was added thru the con-
denser; the time at which the chloroform reached the 
mixture was noted to seconds, at the end of ten minutes 
the flame was extinguished and 25 c . c . of cold water 
were added thru the reflux. The contents of the flask 
were poured into 200 c . c . of cold water containing 20 
c . c . of concentrated nitric acid. If the mixture was 
not acid more nitric was added until it was acidified. 
The chloroform, so~e of which vas always l~ft after each 
determination, was separated with a separatory funnel, 
washed twice with 50 to 60 c.c . of water hich was added 
to the main volume. This was made up to 500 c.c. in a 
calibrated flask; 50 c . c . portions were removed with a 
calibrated pipette and titrated for ionized chlorine 
with silver nitrate and potassium sulphocyanate using a 
solution of iron alum acid with nitric, as an indicator . 
Calibrated burettes were used . 
I~ 
Perhaps the greatest error in the results ob-
tained by the above method is the difference in tem-
perature of the series. In preliminary determinations 
it was found that the temperature was very constant 
for a single per cent, but for the series it varied from 
58° to 65°. The low temperatures correspond to the 
maximuru amounts of chlorine removed. It was found that 
it vould be very difficult to regulate the temperature, 
BO it was decided to let this be one of the uncorrected 
errors. The boiling chloroform thoroughly stirred the 
mixture in this and the follouing determinations in 
which it was used, thus eliminating a large error for 
intimate contact was desired. 
The color of the reaction mixture varied through-
out from light yellow to a dark yellow. en chloroform 
as added to the phenolate mixture about the maximum a 
flocculent precipitate formed which dissolved when more 
chloroform was added . 
The 20% determination was checked gravimetrically 
and a 50% determination also fell on the curve. In 
these two the egg shaped flask and water bath were used 
heating until the phenol had dissolved and then the 
chloroform added. The rest of the technique was the 
same a8 above except that the chlorine was precipitat-
ed as silver chloride and weighed in a gooch . 
Results : -
Percentage Grams ofltCholoroform"left Gr ms Chlorine 
of Phenol Phenol after the re- removed in ten 
action in c.c.* minutes 
0 0 7.7 c.c. . 281 
9 . 0 c.c. .311 
5 1.51 9 .0 2 .284 
10 3.03 2 .0 8.286 
. 
15 4.54 3.5 8.718 
17 5.15 4.0 8.918 
20 6.06 6.05 8.670 
25 7.57 4.5 7.962 
40 12.12 9.5 7.070 
60 18.17 14.0 4.908 
80 24.22 19.5 2.568 
100 30.28 26.0 1.471 
24.5 1.081 
1.09 
* In the higher per cents where apparently more 
chloroform was recovered th n as added in the be-
ginning , it was thought that it had dissolved some 
phenol. 
~\ 
The above data was plotted. The grams of ohlorine 
are represented on the ordinate and the per cents of 
phenol on the abscissa . This gave a very smooth 
curve I to which correction curves I and II (mentioned 
later) were applied . 
III were plotted . 
From the same data curves II and 
It is evident in the Reimer Tiemann reaction that 
some of the halogen is removed by the action of the 
potassium phenolate and some by the action of the 
potassium hydroxide. Therefore two correction curves 
were made in order to remove these errors. 
Correction Curve I . 
Halogen removed by varying concentration of 
potassium phenolate. 
This was carried out in an egg-shaped flask, fitted 
with a reflux oondenser by a ground glass jOint. 25 o.c. 
of potassium hydroxide 12.90 N, 1.499 spg. at 20°, 
48 . 29% by weight ere taken as 100% and the equivalent 
amount of phenol as 100% phenol. Various determinations 
were made using different per cents of the hundred per 
cent amounts always with 15 c.c. of chloroform for each. 
The potassium hydroxide was calculated on the per cent by 
weight so that the ten per cent contained 25 c.c. of the 
4.8% potassiura hydroxide by weight, also 10% of the 100% 
phenol. In correction curve II the calculation for hy-
droxide was the same and 25 c.c. of the desired per cent 
by weight were always used in a determination as in this 
curve, but no phenol was present. The method for this 
curve did not vary from that of the preceding experi-
ment except that the heating was done on a boiling water 
bath and in each case the phenol and hydroxide were mix-
ed heated until the phenol had all dissolved , the chlo-
roform added and heated twenty minutes from that time. 
The determinations for both correction curves 
were heated twenty minutes . One half of the amount of 
halogen removed in that time was used to correct Curve I. 
It was necessary to heat these t enty minutes as the 
amount of chlorine removed is so small that it vou1d not 
be practica.1 to deal with smaller amounts than obtained 
in that time . 
In these determinations the color of the reaction 
mixtures was bright scarlet when the chloroform was first 
added but yellow on longer heating . 
Resul ts:-
Per cent of Potassium Grams Chlorine removed 
Phenolate in t wenty minutes 
20 .0084 
40 . 0389 
60 . 0980 
80 . 2910 
90 . 6540 
1.471 
100 1 .081 
1 . 090 
Since the normality of the potassium hydroxide 
was so nearly the same as that used for the preceding 
curve, it was decided to use the results obtained for 
the 100% of that curve for this one ' Iso. 
Correction Curve II . 
Halogen removed from Chloroform by potassium hy-
droxide alone. 
The technique employed in the varying per cents 
for this curve was the same as th~t for the first 
ourve mentioned. The he<iting was done with the free 
flame and an Erlenmeyer flask used. The potassium hy-
droxide was 12 . 88 Nand 48% by weight. The results ob-
tained do not give a very regJlar curve, but as it is 
only a correction curve and the amounts of halogen are so 
small in comp~rison with the amounts in the large curve , 
it has been used . The 100% determination contained 
25 C. c . of 12 . 88 N potassium hydroxide and 15 c . c . chloro-
form, while the 0% contained 25 c . c. water and 15 c . c . of 
chloroform. 
Results : -
Per cent of potassium 
hydroxide 
o 
4 
10 
20 
30 
45 
50 
70 
90 
100 
Grams of Chlorine re-
moved in twenty minutes. 
0.0000 
0 . 3141 
0 . 9490 
1 . 0827 
1 . 1995 
1 . 0740 
0 . 4560 
0 . 4874 
0 . 4940 
0 . 3958, 0 . 3733 
I t was re~liz ed that further work should be done 
as other discordant results were obtdined . Therefore 
a curve was obtained by keeping the reaction mixture in 
the egg-shaped flask at a constant tempera ture of 55 0 
for t wenty minutes in a thermostat . The chloroform and 
potassium hydroxide were allowed to take the tempera ture 
of the bath before mixing. 50 c . c . of chloroform were 
used as the mixture was stirred by air . If a smaller 
amount was used none was left at the end of the reaction . 
Results: -
Per cent of Potassium 
Hydroxide 
o 
20 
35 
50 
75 
100 
Grams of Chlorine re-
moved in t wenty minutes. 
0 . 0000 
0.1680 
0 . 3590 
0 . 4955 
0 . 2394 
0 . 1316 
Curve I should be repeated under the above con-
ditions , but lack of time prevented it just now. 
B.-- Experiments on other Reactions of the same Type. 
I. Those in which phenol and potassium hydroxide 
or potassium phenolate are used. 
(a) Carbon T9trachloride, potassium Hydroxide and 
phenol. 
Determinations were made in an egg-shaped flask on 
a wdter bath according to the same technique and using 
the same proportions of phenol and potassium hydroxide 
with 15 c.c. of carbon tetrachloride, instead of chloro-
form, as in Curve I. It was found that the chloride was 
about one-sixtgenth as reactive as the chloroform. 
(b) Benzotrichloride, ,Phenol, and Potassium Hy-
droxide. 
;n.a terials 
25 c.c. K 0 H (12.86 N) 
6.06 g. C f H5 OH * 
{Washed ,1ith K 0 H, then \'iate~ 15 c. c. C I, H f C C13 dr' d loe with Ca Cl ~ ,re-distilled. 
The phenol and potassium hydroxide, ere hed-ted ,; i th 
a free flame in the egg until the potassium hydroxide had 
* 6.06 g. C"H,OH corresponds to th9 20~ of the 
C.H.OH, K 0 H, C H Cl~ red-ction. 
dissolved the phenol, then the benzotrichloride was add-
ed through the condenser. The reaction was slow at first 
then very violent; it was stopped in three or four 
• 
minutes. At first the reaction mixture was a bri ght 
yellow, then a dark reddish yellow with a greenish tinge. 
The reaction mixture was poured into waterJ filtered, and 
a greenish, scaly precipitate WdS obtained on drying 
which rv-as organic. The filtrate (A) was acidified with 
dilute hydrochloric; a precipitate formed which as 
filtered off. It was bright red and resinous. This 
was dissolved in 4% potassium hydroxide and carbon di-
oxide passed into the solution; a precipitate formed 
which at first as flocculent and afterivards resinous 
much like the former resinous precipitate. It w~s 
filtered (B). The filtr te (A) was evaporated by 
heat, reddish white crystals formed, probably benzoic 
acid, discolored by a slight amount of the red dye. 
These were taken up with water and filtered, some red 
crystals were left. The filtrate from B as extracted 
wi th ether, dried quickly with calcium chloride and 
the ether, yellow in color , evaporated on a hot plate; 
a yellow oil was left . A red dye , prob bly benzautin , 
was left in the alkaline solut~on which was partially 
evaporated and a white salt precipitated . The 
resinous mass obtained after passing carbon dioxide 
into the alkaline solution was dissolved in benzene; 
a flocculent precipitate formed, was filtered off, 
washed with benzene and dried . A red dye was left . 
(c) Ohloroformic Es ter, Potassium Hydroxide 
and Phenol . 
Materials 
25 c . c . 
6 . 06 g. 
15 c . c . 
K 0 H 
0 I. H,f OH 
01 ° 0 0 0a. H,r 
The potaSSium hydroxide and phenol were heated in 
the egg with a free flame until the phenol had dis-
solved then the ester was added through the condenser . 
The reaction was rapid, a hite crystalline solid 
separated out a.nd there were t ''iO liquid layers. The 
heating was stopped in five minutes, the mixture t· ken 
up with water, which dissolved the solid. The oil 
was separated, washed once with water and added to the 
water portion. The water portion was shaken twice with 
ether and the extracts added to the oil. The water 
portion was acidified with nitric acid, ~pparently no 
action . It was made just alkaline with potaSSium 
hydroxide and shaken twice with ether to remove the 
phenol. The ether extracta containing the oil were 
distilled and 6 .86 g. of oil, probably ethylphenyl 
carbonate, obtained. After the water portion had 
been freed from phenol it was evaporated to dryness. 
All of the solid dissolved in water, the solution was 
faintly alkaline, it was acidified with dilute nitric, 
no precipitate was obtained (no salicylic acid) . It 
was extracted once with ether and the ether allowed to 
evaporate . This did not contain salicylic acid. 
(d) The Preparation of Potassium Phenol teo 
potassium phenolate as prepared by heating ten 
per cent excess of phenol ,'i th potassium hydroxide, 
wh ich was dissolved in as little water as pOSSible, in 
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an Erlenmeyer fitted with an air condenser until the 
excess of phenol had distilled over. The reaction 
mixture which solidified on cooling was re-crystallized 
from acetone (2-3 parts) and absolute alcohol (1 part). 
It was necessary to use a hot water funnel and suction 
to facilitate filtration. The phenolate was dried in 
a vacuum desiccator heated by steam until constant 
weight was obtained. 
(e) Trichloracetic ster and Potassium Phenolate . 
A reaction vas obtained when a definite amount of 
dry pota.ssium phenolate was treated \'Vith 10% excess of 
the ester, heat being evolved, the ester dissolving the 
salt and then the ;ho1e solidifying. This was tre' ted 
with Tater, filtered, and tested for ionized chlorine 
which was not present. 
Another determination was made in which the 
solidified mass was heated on a water bath for an hour 
but still no c~lorine was obtained. 
Both were repeated a little copper bronze being 
added in each case but no i~nized chlorine as isolated . 
~\ 
In another experiment carried farther with these same 
compounds, the potassium phenolate used was not so dry or 
pure as that in the above experiments. 
for the dense white fumes mentioned. 
This may account 
It w~s hoped that the reaction took place as here 
shown, but as no ronized chlorine could be found, no 
further work was done at that time. 
COO C,- H:rtOu 
Materials 
0 t. H:rO K .... 69 g. 
013 COO 0 C .. Hf- 110 g. 
Ou enough to slightly color the mixture. 
The phenolate was finely pulverized, some copper bronze 
added and then the ester. At first there was no re-
action , but on standing a few minutes the reaction began 
and dense white fumes were given off. The containing 
flask was fitted with a. reflux condenser, after the 
fuming had ceased, and the reaction mixture s heated 
slowly for an hour to an hour and one half. On 
heating the reaction mixture became almost black in 
color. When the heating was completed the mixture was 
cooled, treated with 200 - 300 c.c. of water to remo~e 
excess phenolate and potassium chloride, removed from 
the water by a separatory funnel, dried with calcium 
ch+oride and then fractionated. 
This mixture after freed from calcium chloride 
ivas found to contain a crystalline solid which ha1 
precipi ta ted. It was trea ted as follo \'Vs : First with 
benzene ana then sucked dry . This divided it into two 
parts, a benzene soluble p ' rt and a benzene insoluble 
part . The ben~ne soluble part conta ined some of the 
liquid which was poured off for fractionation. This 
liquid residue conta ined something precipitated by 
benzene . The benzene insoluble part contained some-
thing precipita ted by benzene and also the crystals. 
This insoluble p rt w s divided into t wo parts by 
alcohol . A soluble part, a reddish brown liquid which 
was allowed to evaporate. An insoluble part hich was 
crystalline nd almost white, probably calcium chloride 
and potassium chloride, nearly all soluble In water. 
A small amount was dissolved in water and acid added, no 
precipita te was obtained. {hen a small piece l as heat-
ed on platinum foil a large amount of ash was left. 
Vrnen the alcohol soluble part had evaporated to dryness, 
it was assumed upon testing to be calcium chloride crys-
tallized with alcohol. The crystals were large and 
white. The soluble benzene part was also allowed to 
evaporate; it was a dark reddish brown color and ex-
ceedingly viscous. Before evaporating about 10 c.c. 
> 
of this mixture which separated out as a lower layer 
was discarded, as it was thought to be water . 
a very li ght yellow color. 
It was 
When the liquid spoken of in the beginning was 
fractionated the follo wing fractions were obtained: 
I II III 
f4~96° 96!100° 100:120 0 
Fra ionating oOlum~ 
and sm I Erle~~eyer 
Oil bath,\ ~ndens-=> 
Temperatures of bath-
v VI 
Distilli 
Air condenser and free flame 
138 0 140~150° l50~170° l70~250° 
A black charred residue was left in the distilling 
flask . It was porous clnd smelled like burnt sugar , 
and salicylaldehyde. 
Frac tions I, II, III were each composed of t~o 
colorless immiscible liquids. 
The top layers of I, II, III were then mixed and 
fraotionated. 
Fractions obtd.ined by combining lo\,ier layers of 
I, II, III and fractionating: 
(700_90° ) (90 °_110°) (110°_164 °) (164°_167 °) 
(f) pyridine, Potassium Phenolate, and 
Chloroform. 
Ma terials:-
8.48 g. (corresponds to 6.06 g. C ~ Hj" OH 
or 20% of Curve I) 
C H C1J 15 c.c. 
CfH~N 30 c.c. 
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The potassium phenolate was placed in an Erlenmeyer 
flask fitted with a reflux condenser, the pyridine was 
added, and the mixture heated until the phenolate had 
dissolved. A dark red colored solution was formed. 
When chloroform was added to this a precipitate sepa-
rated and the color changed to dark brown. The 
mixture was heated five hours and fifty minutes, then 
trea ted as follows: Water was added until the chlo-
roform separated out. The t wo liquids were separated 
after making acid with hydrochloric and filtered through 
dry funnels. One portion, a dark brown viscous liquid 
from whi ch crystals separated on standing, did not give 
an aldehyde test with the fuchsin reagent .* The orange 
yellow water solution was extracted three times with 
benzene. An emulsion formed during each extraction. 
The light yellow benzene extract was shaken out with 
hydrochloric acid to remove pyridine present, dried with 
calciun1 chloride and benzene distilled off. About one 
cubic oentimeter of a dark brown liquid was left which 
~ Fuchsin reagent used whenever aldehyde teste were 
made . 
gave an aldehyde test. On st~nding crystals separated. 
Some of this liquid was treGted with sodium bisulphite 
in which it dissolved. 
II. Those in which phenol is used. 
(a) Pyridine, Phenol, and Chloroform. 
Mater ials: -
C ,Hs- N 30. 5 c. c • 
C y H., OH 6.04 g. 
C H Cl) 15 c.c. 
This was carried out as the preceding experiment. 
After heating when the water had been added to the 
mixture acid ~ith hydrochloric a brolm mobile liquid 
was obtained which gave an aldehyde teet and a light 
yellow water solution. It was twice extracted with 
benzene. The colorless extracts were ehaken with 
hydrochloric acid, dried with calcium chloride, and 
the benzene evaporated on the hot plate. A light 
brown liquid was obtained from hich crystals formed. 
It gave no aldehyde test. 
(b) Diphenylether , Potassium Hydroxide, and 
Chloroform. 
Ma terials:-
C f Hr OC~ H. 
K 0 H 
C H Cl.J 
C~ H.r 0H 
7.80 g . 
25 c.c. 
15 c.c. 
a few c. c. 
This was prepared as the t ~o preceding but was not 
acidified before taking up ,1th water. The mixture was 
taken up with water; the l a rge amount of crystalline 
salt hich formed was dissolved; chloroform and the 
ether were thrown out, which were separated from the 
light yellow water solution. The mixture of ether and 
chloroform was neutral. It gave an aldehyde test. The 
water solution \vas extracted with benzene. The color-
less extracts were evaporated on the hot pl te and a 
drop of a bright yello ¥ oil las obta ined which gave an 
al dehyde t es t • 
(c) Calcium carbonate, Phenol , and Chloroform. 
Materials: -
Ca.C 0.3 30 g . 
C ~ H-,_ OH 6 . 06 g . 
C H ClJ 15 c.c . 
C 4H/ OH 50 c . c. 
H a. ° - 50 c . c • 
The materials were mixed in an Erlenmeyer, fitted 
with a reflux . The mixture was stirred with air and 
heated four hours . The calcium carbonate was filtered 
off and the filtrate divided i nto two parts . One 
portion was made acid with sulphuric, extracted with 
ether, the ether evaporated on a hot plate, and the 
residue tested for aldehyde . Test negative. The 
second portion was made acid with nitric acid and 
tested for chlorine. A slight test was obtained. 
This was carried out hoping to prove that the function 
of the potassium hydroxide in the Reimer Tiemann re-
action is to take care of the hydrochloric acid split 
out, and therefore that another inorganic base would 
act in the same manner. 
III. Those in whioh methane halogen derivatives 
and potassium hydroxide are used . 
(a) Carbon Tetraohloride and its aotion on 
Potassium Hydroxide. 
Determinations were made on the water bath using 
the egg-shaped flask~and reflux in whioh 15 0.0. oarbon 
tetraohloride were substituted for ohloroform and 25 0.0. 
of potassium hydroxideowere used. The technique was the 
same as that for Correction Curv9 ~!. 1' ~'l9 () 10.1.. i 13 i o 
muoh les8 reaotive than the ohloroform. The amounts of 
ohlorine remo~ed are 80 small that it is not practical, 
but using the same proportions as in the curve resulting 
from the action of potass ium hydroxide and ohloroform, 
the following interesting results were obtained: 
Results: -
Per cent of K 0 H 
o 
10 
15 
20 
40 
50 
60 
100 
Grams chlorine removed 
in twenty minutes 
0.0000 
0.0065 -.0046 
0.0090 -.0097 
0.0038 -.0058 
0.0043 -.0047 
0.0036 -.0041 
0.0027 -.0029 
0 . 0043 -.0054 
~ Used on water bath in III, a, b. c. 
o K 0 H in III a, b, c, made up acoording to % by 
weight. 
The great difference in duplicates is due to the 
fact that such a small amount of silver nitrate was used 
for titrations , that small differences caused a great 
error. 
(b) Methylene Chloride and Potassiun! Hydroxide. 
A few determinations were made using 15 c . c. methy-
lene chloride instead of chloroform and 25 c.c . potas-
sium hydroxide in the same proportions and according to 
the same method as Correction Curve II. It was found 
that its reactivity was comparable to carbon tetrachloride. 
(c) Benzotrichloride and Potassium Hydroxide. 
Determinations using 15 c.c . of benzotrichloride in-
etead of chloroform with 25 c.c. of potassium hydroxide 
in the same prcportions and according to the same 
method as Correction Curve II showed that a very small 
amount of chlorine was removed as in the case of carbon 
tetrachloride and methylene chloride. 
~\ 
Appendix. 
Curve III. 
Value Calculated from Curve II. 
Showing interpolated dnd extrapolated values for 
halogen rsmoved, with C6 H5 0K constant and varying 
K 0 H. 
Constant amount phenolate:. 8.52~"20%" 
Equivalents K 0 H. 
Added. Halogen removed. 
0% K 0 H .08 
1 2 .21 
2 4.53 
3 6.28 
4 8.57 (On Curve II) 
5 10. 
6. 12.09 
Curve IV. 
Value Calculated from Curve II . 
Showing interpolated and extrapolated v~lues for 
halogen removed, with K 0 H constant and varying C~HfOK . 
Constant amount K 0 H-=-14 . 46 g.::::;:= "80%" 
Equivalenta of Phenolate 
added. 
o 
1/8 
1/4 
3/8 
1/2 
3/4 
1 
1-1/2 
Grams H' logen Calculated 
as Removed . 
• 08 
6 . 75 
8 . 57 (On Curve II) 
8.98 
9 . 08 
9 . 00 
9 . 04 
9 . 00 
